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(57)Abstract : 

PROBLEM TO BE SOLVED: To provide optically transmitting rare earth- 
aluminum garnet sintered product that has high light straight 
transmittance and high mechanical strength. 

SOLUTION: This optically transmitting rare earth-aluminum garnet 
sintered product has a void volume or <100 vol. ppm; the molar ratio of 
rear earths/Al of 0. 599<R/Al<0. 601; Si<15 wt.ppm in 0. 599<R/Al<0 . 600; 
and Si (wtppm)<15000x(R/Al)-8985 in 0. 600<R/Al<0. 601. 
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CLAIMS 

[claim(s)] 

[Claim 1] The translucency rare earth aluminum garnet sintered compact 
which it is the sintered compact which has the garnet structure where 
the crystal structure is expressed with general formula R3aluminum 
5012 (R is any one sort of rare earth elements among Y, Dy, Ho, Er, 
Tm, Yb, and Lu) , and the pore in a sintered compact is 100 or less 
volppms, and is brought into an infrared region and characterized by 
optical straight-line permeability other than unique absorption 
wavelength being 83% or more by 5mm thickness since visible. 
[Claim 2] The translucency rare earth aluminum garnet sintered compact 
of claim 1 which the ratio of rare earth elements and aluminum is 
0.599 <=R/aluminum<=0.601 in mol conversion, and Si in a sintered 
compact is [ the ratio of rare earth elements and aluminum ] 15 or 
less wtppms in 0.599 <=R/aluminum<=0. 600, and is characterized by what 
the ratio of rare earth elements and aluminum is [ Si in a sintered 
compact ] Si(wtppm) <=15000x(R/al uminum)-8985 in 
0 . 600<R/al umi num<=0 . 601 . 

[Claim 3] The primary ceramic Plastic solid expressed with general 
formula R3aluminum 5ol2 (R is any one sort of rare earth elements 
among Y, Dy, Ho, Er, Tm, Yb, and Lu) by which the floe to which 
specific surface area exceeds 3 micrometers by 3-15m2/g was produced 
using 5% or less of raw material powder with the weight fraction is 
calcinated, the mean particle diameter of 3 micrometers or less, and a 
theoretical density ratio the pore in a sintered compact by 100 or 
less volppms by making eburnation 94% or more and giving isotropic 
pressure pressurization between heat to this primary sintered compact 
The manufacture approach of the translucency rare earth aluminum 
garnet sintered compact characterized by crossing to an infrared 
region and optical straight-line permeability other than unique 
absorption wavelength considering as 83% or more of sintered compact 
by 5mm thickness since visible. 
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DETAILED DESCRIPTION 

[Detailed Description of the invention] 
[0001] 

[Application of the invention] This invention relates to the 
trans! ucency sintered compact which has the garnet structure expressed 
with general formula R3aluminum 5012 (R is any one sort of rare earth 
elements among Y, Dy, Ho, Er, Tm, Yb, and Lu) , and its manufacture 
approach. The sintered compact of this invention is used suitable for 
anti corrosion members, such as for example, sapphire alternative 
aperture material, a polarizing plate, an envelope for discharge 
lamps, and semiconductor fabrication machines and equipment, 
accessories, etc. 
[0002] 

[Description of the Prior Art] The crystal structure is a cubic, and 
since the sintered compact excellent in transl ucency or thermal 
resistance is obtained, the rare earth aluminum garnet compound 
expressed with general formula R3aluminum 5012 (R is any one sort of 
rare earth elements among Y, Dy, Ho, Er, Tm, Yb, and Lu) can perform 
application for various applications. Though it is the pol ycrystall i ne 
substance by removing completely especially the pore and the unusual 
appearance which are the scattering source of light, since the 
transparency which is equal to a single crystal is acquired, 
application to various optical materials is expected. 
[0003] Especially, in order that the yttrium aluminum garnet 
(Y3aluminum5ol2 :yag) ceramics may show the transl ucency which was 
excellent over the large area from a visible region to an infrared 
region, the reinforcement, the thermal resistance, and the 
configuration degree of freedom which are the advantage of the 
ceramics are expected, and the application to sapphire alternative 
aperture material, the luminescence tubing for discharge lamps, an 
anticorrosion member, etc. is considered. On the other hand, since the 
transl ucency rare earth aluminum garnet sintered compact using rare 
earth elements other than an yttrium cannot find out that rare earth 
elements are comparatively expensive and a further specific 
application, although it is the same as that of the case where 
manufacture conditions are YAG ceramics, almost, a report of the 
manufacture approach is hardly found. 

[0004] As the manufacture approach of the transl ucency YAG ceramics 
that research is done more briskly than before, what is depended on 
hot pressing (United States patent : 3767 745), the direct sintering 
method ( JP , 3-218963 , A) by ball mill mixing and CIP shaping of oxide 
impalpable powder, etc. are learned. Hot pressing makes difficult 
manufacture of the complicated configuration article which is one of 
the descriptions of the ceramics, in oxide impalpable powder 
alligation, in order to control the separation of yttria and an 
alumina based on the specific gravity difference at the time of mixing 
while increasing reactivity although the good sintered compact of 
transl ucency is obtained, the superfines object of yttria is used. For 
this reason, when it is necessary to manufacture yttria and an alumina 
separately, in order to use a superfines object, there is an 
inclination for a shaping consistency to become low. if a shaping 
consistency is low, the contraction at the time of sintering is large, 
and application is difficult for the application as which dimensional 
accuracy is required. In order to obtain the sintered compact in which 
still more sufficient transl ucency is shown, it is necessary to add 



Si02 as sintering acid and to perform baking for dozens hours . 
Moreover, although the method (JP, 2-92817, A) of obtaining a 
translucency sintered compact using single phase yag impalpable powder 
is also indicated, since the degree of sintering of raw material 
powder is scarce, the sintering acid of si 02 grade is needed. 
[0005] The scattering sources of the light in the ceramics with which 
the crystal structure generally consists of a cubic are pore and an 
unusual appearance, and in order to obtain the sintered compact 
excellent in trans! ucency, they need to remove these completely, in 
the oxide of the two-component system like a rare earth aluminum 
garnet sintered compact, generating of an unusual appearance can be 
controlled by controlling a presentation strictly, since it not only 
reduces translucency , but the source of destruction can change, 
existence of pore is not desirable. Therefore, in order to excel in 
translucency and to obtain a reliable sintered compact also 
mechanically, it becomes a technical problem how pore is removed. 
[0006] in the conventional method, eburnation and a grain growth rate 
are controlled by sintering acid and baking conditions, and pore is 
discharged through the grain boundary by the volume diffusion by grain 
growth. However, by manufacture of the ceramics using usual raw 
material powder and a usual mechanical -molding method, uniform packing 
of a raw material particle is impossible, and the hole of the 
magnitude which cannot be removed produces it in the usual sintering 
to some extent. Therefore, it is difficult to obtain the 
polycrystalline substance which the pore of several 100 or more 
volppms remains inside a sintered compact, and the translucent 
ceramics generally called precise object also show the same optical 
property as a single crystal. For example, it reports that pore is 
recognizing 150volppm existence also at the lowest to the interior of 
the Nd addition YAG ceramics obtained by the vacuum sintering process, 
and it has very many these values jar naruobu material science 
(Journal of Materials Science) 34 (1999) 1189-1195 as compared with it 
of a single crystal. 

[0007] By the way, in production of translucent alumina, it is 
indicated that the sintered compact which does not contain pore is 
obtained by the isotropic pressure pressuri zation between heat (Hot 
isostatic PressiHlP) (JP, 8-301666, A) . in hip, two or more hundreds 
kqf/cm high pressure is applied to a sample isotropic under an 
elevated temperature, and plastic deformation removes the pore in the 
ceramics, on the other hand, hip is applied to the YAG ceramics, and 
journal obuamerikan ceramic society (J. Am.Ceram. soc) 79[7]1927-33 
(1996) is reported as an example which was going to produce the non- 
pore sintered compact. However, in this report, since Ar gas which is 
a pressure medium remains as pore inside a sintered compact, it is 
made impossible to produce a non-pore YAG sintered compact. As stated 
above, the non-pore sintered compact of rare earth aluminum garnets 
including YAG is not known for the conventional method. 
[0008] 

[Problem(s) to be Solved by the invention] The purpose of this 
invention is to offer the rare earth aluminum qarnet sintered compact 
excellent in light transmi ttance, and its manufacture approach. 
[0009] 

[Elements of the invention] it is the sintered compact which has the 

?arnet structure where the crystal structure is expressed with general 
ormula R3aluminum 5012 (R is any one sort of rare earth elements 
among Y, Dy, Ho, Er, Tm, Yb, and Lu) , and the pore in a sintered 
compact is 100 or less volppms, and since the translucency rare earth 
aluminum garnet sintered compact of this invention is visible, it is 
crossed to an infrared region and characterized by optical straight- 
line permeability other than unique absorption wavelength being 83% or 
more by 5mm thickness, in addition, the amount of pore shall be 
expressed per volppm and the amount of impurities shall be expressed 
per wtppm. 

[0010] The ratio of rare earth elements and aluminum is 0.599 
<=R/aluminum<=0. 601 in mol conversion, the ratio of rare earth 



elements and aluminum is 0.599 <=R/aluminum<=0.600, Si in a sintered 
compact is 15 or less wtppms, the ratio of rare earth elements and 
aluminum is 0.600<R/aluminum<=0.601, and Si in a sintered compact is 
Si (wtppm) <=15000x(R/aluminum)-8985. 

[0011] The manufacture approach of the trans! ucency rare earth 
aluminum garnet sintered compact of this invention The primary ceramic 
Plastic solid expressed with general formula R3aluminum 5012 (R is any 
one sort of rare earth elements among Y, Dy f Ho, Er, Tm, Yb, and l_u) 
by which the floe to which specific surface area exceeds 3 micrometers 
by 3-15m2/g was produced using 5% or less of raw material powder with 
the weight fraction is calcinated, the mean particle diameter of 3 
micrometers or less, and a theoretical density ratio — the pore in a 
sintered compact by 100 or less volppms by making eburnation 94% or 
more and giving isotropic pressure pressurization between heat to this 
primary sintered compact Since visible, it is characterized by 
crossing to an infrared region and optical straight-line permeability 
other than unique absorption wavelength considering as 83% or more of 
sintered compact by 5mm thickness. 

[0012] It is desirable to perform primary baking below 1450 degrees c 
or more 1700 degrees C. Moreover, 1400-degree-C or more thing which it 
is 1800 degrees c or less, and is performed by two or less two or more 
800 kgf/cm2000 kgf/cm using ambient atmospheres, such as Ar, of HIP is 
desi rable. 
[0013] 

[An operation and effectiveness] of invention since pore was 100 or 
less volppms and this invention person had it, he found out that it 
crossed to an infrared region and optical straight-line permeability 
other than unique absorption wavelength could produce 83% or more of 
rare earth aluminum garnet sintered compact by 5mm thickness. [ 
visible ] what is necessary is for that purpose, to calcinate the 1st 
order to the mean particle diameter of 3 micrometers or less, and 94% 
or more of theoretical density ratios, and just to give HIP, for 
example, after fabricating the raw material powder of the sinterable 
nature which managed the presentation ratio of rare earth elements and 
aluminum, si content, primary particle diameter, and the diameter of 
secondary floe to high density. 

[0014] The mole ratio of rare earth elements and aluminum is set to 
0.599 <=R/aluminum<=0. 601 by mol conversion, and the upper limit 
content of si is changed according to this mole ratio. That this mole 
ratio is a rarefaction region when the range of 0.599-0.601 has low si 
concentration, and si concentration is below an upper limit content 
are the conditions which prevent formation of the liquid phase in a 
grain boundary, and this is the conditions for preventing invasion of 
the gas in HIP processing and preventing generation of pore. 
[0015] Pore is removed by accelerating discharge of pore by plastic 
deformation while calcinating being high pressure and pressurizing a 
sample isotropic for example, under an elevated temperature and 
discharging pore with grain growth. To the conventional method having 
discharged pore only according to the volume spreading effect by grain 
growth, by this invention, when the plastic deformation effectiveness 
is also added, it is removable to the pore of unremovable magnitude 
usual. If SiO(s)2, such as sintering acid, exceed upper limit 
concentration and exist even if it uses HIP, it will segregate under 
elevated-temperature high pressure in a grain boundary, Ar of a 
pressure medium etc. will be hidden, and it will expand by annealing 
after HIP. For this reason, pore is unremovable. 
;0016] 

.Example] High grade rare earth aluminum garnet raw material powder is 
fabricated by the slip casting method. R/aluminum sets to Si (ppm) 
<=15000x(R/a luminum)-8985 the amount of si in the raw material powder 
used here in 15 ppm or less and 0.600<R/aluminum<=0.601 in 0.599 
<=R/aluminum<=0.600. In any case, the amount of si makes it 5 ppm or 
less more preferably. 

[0017] when aluminum is more superfluous than stoichiometric, with the 
aluminum for an excess, si generates the liquid phase and segregates 



it to a grain boundary. Gas, such as Ar, is hidden in the interior of 
a sintered compact through the segregated grain boundary phase, and 
sufficient HIP effectiveness stops arising, on the other hand, when 
rare earth is more superfluous than stoichiometric, with the rare 
earth elements for an excess, by yag, si forms YAP and yam and 
localizes them at the triple point of Polycrystal yag. The critical 
mass of Si which forms the liquid phase by the overaluminum side is 15 
ppm, and in an overyttrium side, since si is localized at the triple 

Coint, the amount of Si which forms the liquid phase in a grain 
oundary increases in connection with the excessive amount of an 
yttrium. Therefore, if the amount of si is restricted, the inflow path 
of Ar to a grain boundary will not be formed, but the effective HIP 
effectiveness will produce it. 

[0018] A raw material presentation influences the optical property of 
the sintered compact obtained greatly. The artificer etc. found out 
extending the rarefaction presentation region of the polycrystal! ine 
substance while promoting grain growth, as si stated previously. In 
the conventional method, Si02 hundreds of ppm or more is added as 
sintering acid, and a rarefaction presentation region is not so 
strict, when, as for an artificer etc., 100 ppm of Si exist, it has 
found out that the rarefaction presentation region of the YAG ceramics 
is 0.594 <=R/aluminum<=0.606. However, if the amount of Si is 
decreased, a rarefaction presentation region will also change, in an 
Si additive-free case, if it becomes overaluminum from stoichiometric, 
abnormality grain growth will arise, and if it becomes overrare earth 
conversely, the unusual appearance from which a refractive index 
completely differs will arise. Therefore, in order to obtain 
sufficient transparent body, presentation control is performed more 
strictly and it is referred to as 0.599 <=R/alumi num<=0. 601. 
[0019] in addition, it is satisfactory even if it adds grain growth 
retardant, such as calcium and Mg, if needed. However, it not only 
becomes the scattering source of light, but it segregates on the grain 
community added beyond the need, and it becomes difficult like the 
case of Si to demonstrate the HIP effectiveness enough. Therefore, as 
for the addition, it is desirable to be referred to as 80 ppm or less 
in a stop and the sum total at the need minimal dose. Although the 
addition approach of these assistants and especially a stage are not 
limited, it is necessary to add to homogeneity in a Plastic solid. 
[0020] While making use raw material powder into sinterable nature and 
setting specific surface area to 3-15m2/g, the secondary floe 
exceeding 3 micrometers uses 5% or less of raw material of uniform 
particle size distribution with a weight fraction. Although a degree 
of sintering becomes good so that a degree of sintering uses 
impalpable powder depending on the particle diameter of raw material 
powder, it is not easy specific surface area to carry out eburnation 
at low temperature at below 3m2/g. Moreover, in more than 15m2/g, it 
passes in the end of fines, handling is not easy, and it is difficult 
to make a shaping consistency high. Therefore, specific surface area 
of a use raw material is set to 3-15m2/g from a viewpoint of the ease 
of a degree of sintering, packing nature, and handling nature. 
Moreover, it not only prepares specific surface area, but the 
magnitude of the secondary floe of raw material powder poses a 
problem. Between the secondary floes in secondary floe, the big 
opening set also to several micrometers exists rather than common 
shaping generates, since this opening cannot make it disappear in 
primary baking and HIP processing, the secondary floe exceeding 3 
micrometers uses 5% or less of raw material powder with a weight 
fraction. 

[0021] Although any are sufficient as extrusion molding and injection 
molding which are generally used for manufacture of the ceramics as a 
fabricating method, press forming, etc., in order to obtain a precise 
sintered compact with the sufficient yield, a slip casting method is 
desirable. The magnitude of pore removable [ with HIP ] is below 
submicron, and it is impossible in primary baking and HIP processing 
to remove the defect several microns or more produced with poor 



packing at the time of shaping. After mixing raw material powder with 
a lot of binders and considering as the viscous shape of a high 
compound, in order to fabricate in extrusion molding or injection 
molding, several micrometers to dozens of micrometers air bubbles tend 
to enter. Moreover, in order to improve the handling nature of fine 
particles generally, once using raw material powder as granulation, it 
fabricates in press forming, under the present circumstances, it is 
easy to produce a several micrometers opening on 3 importance formed 
especial ly between surrounding granulation between granulation. On the 
other hand, in a slip casting, that the big defect which also amounts 
to several micrometers arises is only the case where cast and air 
bubbles enter during a slip, and such air bubbles can be easily 
removed by the supersonic wave or the vacuum. Therefore, it is 
desirable to perform shaping by the slip casting method and to make a 
shaping consistency 59% or more. 

[0022] The acquired Plastic solid performs debinder processing by the 
pyrolysis. Althouqh the processing temperature in this case, time 
amount, and an ambient atmosphere change with classes of added shaping 
assistant, since a debinder will become difficult if a sample forms a 
closed hole, they are enough performed over many hours below at the 
temperature from which sintering does not begin. The oxygen ambient 
atmosphere of an ambient atmosphere is the most common, and performs 
it under humidifi cation hydrogen, Ar, or reduced pressure if needed. 
[0023] The primary sample is calcinated in ambient atmospheres, such 
as a vacuum, atmospheric air, and hydrogen, after debinder 
termination, and eburnation is carried out to the mean particle 
diameter of 3 micrometers or less, and 94% or more of theoretical 
density ratios, if the mean particle diameter of primary baking 
objects is too large in the case of hip processing, since plastic 
deformation will not arise, removal of pore becomes difficult, in 
order to crush pore by plastic deformation, it is required for the 
mean particle diameter of a sample to be 3 micrometers or less, and it 
is more desirable that it is 1 micrometer or less. Removal of pore is 
difficult, if eburnation has not been carried out to some extent even 
when mean particle diameter is 3 micrometers or less. Therefore, it is 
desirable to carry out eburnation of the primary baking objects to 94% 
or more of theoretical density, and it is more desirable that it is 
96% or more. 

[0024] it becomes difficult for the grain growth it it is difficult to 
fully carry out eburnation, and is too high conversely to advance, and 
to come out by HIP processing, even when it is any, and to remove 
pore, if primary burning temperature is too low. Therefore, it 
calcinates preferably at 1450-degree-C or more temperature of 1700 
degrees c or less. For example, when sintering acid is not used and 80 
ppm or less of grain growth retardant, such as 1500 degrees c to 1650 
degrees c, and calcium, Mg, are added, it is desirable to calcinate in 
a 1600 to 1700 degrees C temperature requirement. Moreover, since a 
surface organization will not fully be formed into a closed hole if 
too short, 30 minutes or more are required for the holding time, when 
the sample path length is thick, it holds for 2 hours or more, and a 
front face and the interior are made into homogeneity, but if it is a 
sample 3mm or less, for example, maintenance of about 1 hour is 
enough. 

[0025] hip processing is performed in order to remove the pore in the 
obtained primary sintered compact. Removal of the pore by hip 
processing is not based on the plastic deformation under elevated- 
temperature high pressure, and when processing temperature is low, 
since mass transfer does not arise, plastic deformation does not 
happen. Conversely, when processing temperature is too high, in order 
that a sample may carry out grain growth in the middle of a 
temperature up, plastic deformation does not happen too. Therefore, 
hip temperature has 1400 degrees C or more desirable 1800 degrees c or 
less, and is desirable. [ of 1550 degrees C - especially 1650 degrees 
C ] since grain growth is furthermore promoted for hip temperature 
when high [ 100 degrees c or more ] as compared with primary sintering 



temperature, and the mechanical strength of the ceramics falls, in 
order to obtain a high intensity sintered compact, it is desirable to 
make hip temperature into the range of **50-degree c primary sintering 
temperature. 

[0026] It is difficult and it is ** to remove pore, when a pressure is 
insufficient even if selection of a hip pressure is also important and 
it optimizes temperature, in order to crush pore at the temperature of 
1400 degrees C or more, a two or more 800 kgf/cm pressure is 
desirable, and when especially the sample path length is 5mm or more, 
two or more 1000 kgf/cm is desirable, when a HIP pressure exceeds 2000 
kgf/cm2, maintenance of a high pressure vessel and management are not 
easy, and there is a problem of dew condensation generating the 
reduced pressure at the time of cooling in a skillful **** trap ****** 
pressurized container further, and it is not desirable. Therefore, a 
HIP pressure has two or less desirable two or more 800 kgf/cm2000 
kgf/cm. 
[0027] 

[The example 1 of a trial] 151. of nitric-acid yttrium water solutions 
of 0.5 mols / L and 251. of aluminium nitrate water solutions of 0.5 
mol/L were mixed, and it considered as the mixed solution of a YAG 
presentation, into 401. of 2 ammonium-carbonate water solutions of M 
which added aqueous ammonia and were set to pH8.0, this solution was 
dropped the rate for 1.51./. Under the present circumstances, both the 
mixed solutions and ammoni um-hydrogencarbonate water solutions of a 
YAG presentation were maintained at 30 degrees c. The minimum value of 
pH in the middle of dropping is 7.0, and pH amounted to 7.8 of 
constant value in about 3 hours after dropping termination. After 
dropping termination and after recuperating oneself at 30 degrees c 
for 48 hours, filtration and rinsing were repeated 6 times and the YAG 
precursor was obtained, in all the precursor production processes, 
ultrapure water (conductivity 18 M omega-cm) was used. 
[0028] Temporary quenching of the obtained YAG precursor was carried 
out at 1300 degrees C among atmospheric air for 5 hours, and the YAG 
raw material powder of 0.4 micrometers of diameters of a primary 
particle was produced. Purity analysis of raw material powder was 
performed using ICP, and it became clear that it was 99.95% or more of 
purity, and the mole ratio of Si of 3 ppm and Y/aluminum was 0.600. 
Moreover, the weight fraction exceeding 3 micrometers of floe was 1% 
or less. 

[0029] 4.2g of FUROREN G-700 made from the Kyoeisha chemistry was 
added to 200g of obtained YAG raw material powder as a deflocculatant , 
lg of Sekisui chemical PVB-BLl was further added to it as a binder, 
ethanol 50g was added to it, and it mixed for 12 hours using the nylon 
pot and the nylon ball, and considered as the alcoholic slurry. This 
slurry was slushed into the plaster mold and the 50mmx50mmxl0mm 
Plastic solid was acquired. The temperature up of this Plastic solid 
was carried out by 10 degrees c/hr among the oxygen air current, it 
was degreased at 750 degrees C among oxygen for 100 hours, and the 
Plastic solid consistency after cleaning processing was 60.7%. Next, 
the 1st order of this Plastic solid was calcinated at the temperature 
of 1500 degrees c with the vacuum furnace for 2 hours, under the 
present circumstances, the programming rate was set to 400 degrees c / 
hr, and the pressure was set to 10 to 3 or less Torrs. the theoretical 
density ratio of primary baking objects -- Archimedes -- it was 96.4% 
as a result of asking by law. Moreover, as a result of observing the 
microstructure inside a sintered compact with an optical microscope, 
sintered compact mean particle diameter was 1.2 micrometers. 
[0030] The temperature up of this primary baking object was carried 
out to 1550 degrees c by 500 degrees C/hr, and HIP was performed by 
the pressure or 1250 kgf/cm2 in Ar for 2 hours. From the obtained 
sintered compact, mirror polishing of ten-sheet logging both sides was 
carried out for the sample of 40x8x0. 5mm of abbreviation by the 
diamond slurry, and the pore in [ all ] a sample was observed using 
the transparency microscope. The amount of pore was 7volppm(s), as a 
result of observing the number of pores, and a pore diameter and 



carrying out volume conversion. Moreover, after starting to 5.0mm 
thickness and carrying out mirror polishing of both sides, as a result 
of measuring straight-line permeability with a spectrophotometer, it 
was 84% on the wavelength of 500nm. 
[0031] 

[The examples 2-9 of a trial] Si02 was added to the high grade 
RUTECHUUMUARU minium garnet (it abbreviates to Lu3al urrn num50l2 : LuAG) 
raw material powder produced like the example 1 of a trial, and the 
sintered compact was produced like the example 1 of a trial (examples 
2-9 of a trial). The relation of the amount of Si and porosity in a 
sintered compact is shown in Table 1. in addition, the mole ratio of 
Lu of this sample and aluminum was Lu/al umi num=0. 599. Table 1 shows 
that it is necessary to set Si in a sintered compact to 15 ppm or 
less, in order to set the porosity in a sintered compact to 100 or 
less volppms. 
[0032] 
[Table 1] 

Si in a sintered compact, and the relation of porosity Si /ppm 
Porosity/volppm The example 2 of an optical straight-line permeability 
(500nm / 5mm thickness) trial 3 3 The example 3 of 84 trials 8 43 
Example 4 of 84 trials 14 72 Example 5 of 83 trials 17 110 Example 6 
of 80 trials 22 240 Example 7 of 77 trials 50 600 Example 8 of 72 
trials 120950 Example 9 of 65 trials 500 1350 60 [0033] 
[The examples 10-14 of a trial] The high grade LuAG raw material 
powder with which presentations differ was produced like the example 1 
of a trial, si 02 was added and the sintered compact was produced like 
the example 1 of a trial. The relation between the presentation of a 
sintered compact, Si content, and porosity is shown in Table 2. in the 
case of Lu/aluminum=0.601, it is from Table 2. Although si is [ 
porosity ] 100 or less volppms, 30 ppm is known by that porosity 
increases rapidly when si becomes more than it. Moreover, even when 
there are few amounts of Si than the examples 13 and 14 of a trial, it 
turns out that pore cannot remove a slight presentation gap enough, 
either. 
[0034] 
[Table 2] 

The examples 10-14 of a trial Lu/aluminum Si/ppm Porosity / example 10 
of a volppm trial 0.601 3 Example 11 of 3 trials 0.601 28 Example 12 
of 81 trials 0.601 35 Example 13 of 270 trials 0.598 3 Example 14 of 
1400 trials 0.603 3 220 [0035] 

[The examples 15-24 of a trial] the high grade ITTERRUBIUMU aluminum 
arnet (it abbreviates to Yb3al umi num50l2 : YbAG) precursor was produced 
ike the example 1 of a trial, various the temperature and time amount 
at the time of temporary quenching were boiled and changed, and the 
high grade YbAG raw material powder with which primary particle 
diameter differs from a condensation degree was produced. The raw 
material presentation was R/al umi num=0. 600, as a result of icp's 
performing purity analysis, in all cases, the purity was 99.95% or 
more, and si was 3 ppm or less. After producing the Plastic solid like 
the example 1 of a trial and performing debinder processing using 
these raw material powder, primary baking was performed so that it 
might become the average crystal particle diameter of 3 micrometers or 
less, and 94% or more of theoretical density ratios at 1575 degrees c 
with a vacuum furnace, hip was given for this primary sintered compact 
at 2000 kgf/cm2 in Ar, and 1600 degrees c. The BET surface area value 
of raw material powder, the weight fraction of floe 3 micrometers or 
more, and the porosity contained inside the obtained sintered compact 
are shown in Table 3. The examples 15-19 of a trial show that porosity 
increases it depending on the weight fraction of the floe 3 
micrometers or more in start raw material powder, so that the porosity 
of a sintered compact has many the rates. 
[0036] 
[Table 3] 

The examples 15-24 of a trial BET (cm2/g) 3-micrometer or more floe 
(wt%) The example 15 of a porosity (ppm) trial 3.44.1 The example 16 



of 57 trials 5.8 2.2 The example 17 of 21 trials 8.4 1.0 Example 18 of 
3 trials 11.0 3.3 Example 19 of 9 trials 14.6 4.6 The example 20 of 34 
trials 2.7 4.6 The example 21 of 110 trials 3.5 6.2 Example 22 of 185 
trials 6.8 10.8 Example 23 of 630 trials 12.3 8.5 Example 24 of 565 
trials 16.74.8 250 [0037] Like the example 1 of a trial, various rare 
earth aluminum garnet sintered compacts were produced, and the three- 
point flexural strength in a room temperature was measured based on 
3IS1601. Baking conditions, porosity, three-point flexural strength, 
and Wei bull modulus are shown in the following table. The thing which 
has low porosity showed high reinforcement, and, in all cases, three- 
point flexural strength was 350 or more MPas. 
[0038] 
[Table 4] 

Porosity and three-point flexural strength of various materials 
Material Primary baking hip temperature Pressure Porosity Three-point 
flexural strength Wei bull modulus (degree-Cxhr) (degree-Cxhr) 
Ckgf/cm2) (ppm) (MPa) Y3aluminum 5012 1550x2 1550x2 1250 7 430 
7D(ies)3aluminum 5012 1500x2 1525x3 1500 25 410 6Ho(es)3al umi num 5012 
1550x21600x31000 68 365 7Er(s)3aluminum 5012 1600x3 1650x2 800 92 350 
6Tm3aluminum 5012 1650x51700x5 1800 35 395 7Yb3aluminum 5ol2 1575x3 
1600x2 800 50 380 7Lu3aluminum 5012 1525x3 1550x2 1250 3 450 8 [0039] 
Table 1-4 shows that that porosity is 100 ppm or less are the 
conditions which make straight-line permeability 83% or more by the 
sample of 5mm thickness by 500nm. And Si makes porosity increase and 
it turns out that it differs by whether overrare earth and the 
aluminum of the relation between porosity and si concentration are 
superfluous. Furthermore, porosity is made to increase, the bet 
surface area of a start raw material has desirable 3-15m2/g, and the 
increment in porosity understands that the floe 3 micrometers or more 
in a start raw material is not desirable, either also in respect of a 
mechanical strength required for a high-pressure electric-discharge 
lamp etc. 
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